Background: This study was aimed to evaluate the influence of oral N-acetylcysteine (NAC) application as an adjuvant to letrozole on induced ovulation outcomes in patients with polycystic ovary syndrome (PCOS). Materials and Methods: This was a placebo-controlled double-blind randomized clinical trial with 130 PCOS patients who were infertile. First, patients were randomly divided into two groups. Patients in Group 1 were administered letrozole 5 mg/d plus NAC 1.2 g/d and patients in Group 2 were administered letrozole plus placebo for 5 days starting at the 3 rd day of the menstruation period. On the 12 th day of the cycle, ultrasound evaluation was performed, and in whom at least one follicle with an 18-20 mm diameter was found, 10,000 unit human chorionic gonadotropin (hCG) was prescribed, and 36 h after hCG injection, timed intercourse was advised. On the 16 th day, after hCG injection, serum β-hCG level was evaluated. Results: The number of follicles >18 mm was significantly higher in the letrozole + NAC group (P = 0.007). The ovulation and pregnancy rates were also significantly higher in the letrozole + NAC group (P = 0.045). No adverse side effects and no cases of ovarian hyperstimulation syndrome were observed in NAC group. Conclusion: NAC is demonstrated to be a safe and well-tolerated adjuvant to letrozole and can increase the pregnancy rates in PCOS patients.
Introduction
Polycystic ovary syndrome (PCOS) is a common and endocrine disorder in young women with a prevalence of up to 10%. [1] It manifests itself in a variety of clinical ways and 55%-75% of patients with PCOS are infertile due to chronic anovulation. [1] [2] [3] The diagnosis of PCOS is determined by the presence of two of the following conditions: oligoovulation or anovulation, hyperandrogenism and polycystic ovaries detected by ultrasonography. The three most bothersome symptoms commonly reported by affected women are hirsutism, regulate periods, and infertility. [4, 5] A significant proportion of patients with PCOS have been found to suffer from defective insulin secretion and insulin resistance, [6] and hyperinsulinemia is present in >50% of patients with PCOS. [7] On the other hand, some authors believe that the hyperinsulinemia, secondary to insulin resistance, stimulates the secretion of both urine and adrenal androgen and suppresses the synthesis of sex hormone-binding globulins by the liver, causing a consequent increase of biologically active androgens in the circulation. Increase of ovarian androgen production would result in early follicular atresia and anovulation, including other typical clinical manifestations of hyperandrogens, such as hirsutism and acne. [8] Letrozole is the most commonly used aromatase inhibitor (AI) for ovulation induction in women with PCOS. [9] Letrozole appears to result in higher live birth rates than clomiphene citrate (CC) and possibly lower multiple gestation rates. [10] AIs induce ovulation by inhibiting estrogen production and the consequent hypo estrogenic state increases gonadotropin-releasing hormone and pituitary follicle-stimulating hormone synthesis. [11] N-acetylcysteine (NAC) is commonly used as a safe mucolytic drug with antioxidant and insulin regulatory effects. [12] NAC may also improve the circulating level of insulin and insulin sensitivity in hyperinsulinemic women with PCOS and ameliorate the homocysteine and lipid profile in PCOS. [13] NAC has been used effectively as an adjuvant to letrozole for ovulation induction in women with PCOS, and oral NAC administration has been proposed for the prevention of endothelial damage due to antioxidant agent. [14] In recent years, a limited number of studies have shown the possible benefits of NAC administration in improving insulin sensitivity and better induction of ovulation outcomes in patients with PCOS. [14, 15] This study was conducted to evaluate the effect of oral NAC administration as an adjuvant to letrozole in induction of ovulation outcomes in PCOS patients. The combination of these two drugs was evaluated for the first time in this study.
N-Acetylcysteine as an Adjuvant to Letrozole for Induction of Ovulation in Infertile Patients with Polycystic Ovary Syndrome

Materials and Methods
This placebo-controlled double-blind randomized clinical trial was conducted in Isfahan University infertility center, Shahid Beheshti Hospital, between 2015 and 2016. All infertile women who were referred to our center with PCOS (based on Rotterdam criteria, ESHRE/ASRM 2004), [4] aged 20-35 years, body mass index (BMI) <35 kg/m 2 , both patient tubes confirmed by hysterosalpingography, and with partner's normal semen analysis results (total volume >2 ml, concentration >20 million/ml, total motility >50%, and normal morphology >14%) were included in the study. Patients with thyroid dysfunction, hyperprolactinemia, history of large ovarian cyst formation (>6 cm), and asthma and/or allergy to medication were excluded from the study. Patients who received any hormonal medication (except for progesterone for withdrawal bleeding) and metformin were also excluded from the study. Furthermore, none of the patients or their male partners had any sexual dysfunction interfering with successful intercourse.
The total sample size of 120 patients was estimated to provide 80% power to detect the difference of 20% at the 0.05 level of significance. Taking into consideration a 10% dropout rate, the required minimum number of enrolled patients was determined to be 130 (65 in Group 1 and 65 in Group 2). Written informed consent was obtained from all the participants before entering into the study.
After obtaining an authorization from the Medical Ethics Committee of the Isfahan University, this article coded IR. MUI. REC.1394.3.716.
On the 3 rd day of menstrual cycle (induced by 200-300 mg progesterone-in-oil injection in patients with amenorrhea), a baseline vaginal ultrasound examination and serum thyroid-stimulating hormone and thyrotropin and prolactin level assessment (all measured by immune reactive multianalysis) were performed for all patients who were candidates for induction of ovulation. Then, patients were randomly divided into two groups [ Figure 1 ]. In the first group, patients received 5 mg letrozole (manufactured by Iran Hormone Company) plus 1200 mg NAC (produced by OSVE Company). From the 3 rd until the 7 th day of the menstrual cycle, NAC was given to the patients in the form of powder inserted in small pockets to be diluted into one standard glass of water and taken orally in two daily divided doses. In the second group in addition to 5 mg daily letrozole, patients received a placebo (oral rehydration solution [ORS] powder manufactured by Shafa company) from day 3 until day 7. ORS powder was given to the patients in the same pockets as NAC for two daily divided doses.
On the 12 th day of menstrual cycle, patients were monitored by transvaginal ultrasound examination to evaluate the mean follicular diameter. In the presence of at least one follicle with 18-20 mm in size, 10,000 u human chorionic gonadotropin (hCG) was injected intramuscularly and time of intercourse was advised 36 h after hCG injection. Serum β-hCG level was measured on the 16 th day after hCG injection. With two serial positive β-hCG levels (at least 2 days apart), another transvaginal ultrasound examination was performed on the 6 th week of gestation to determine clinical pregnancy.
Data were analyzed using SPSS 16 (Statistical Package for the Social Science) (Chicago, Illinois: SPSS Inc.). The significance of the difference between experimental and control groups for continuous data was assessed using the student's t-test. Fisher's exact test was used to compare the categorical data. P < 0.05 was considered statistically significant.
Results
In this study, a total of 130 infertile women had been evaluated, while 4 women were excluded due to discontinued cycle. There was no significant difference in age distribution, abdominal circumference, and BMI in two groups. The average age, abdominal circumference, and BMI in groups treated with letrozole + NAC and letrozole + placebo are shown in Table 1 .
The average size of follicle in groups being treated by letrozole + NAC and letrozole + placebo was 15.8 ± 3.5 and 13.9 ± 3.7, respectively, and the size of follicle was considerably larger in letrozole + NAC group (P = 0.007). Based on the results, 19 patients of letrozole + NAC group and 9 of letrozole + placebo group had appropriate follicle size (31.7% vs. 16.1%), and the difference between the two groups was significant. Follicle size distribution is shown in Figure 2 .
Based on the results obtained, induction of ovulation was achieved in twenty patients in letrozole + NAC group and nine in letrozole + placebo group (33.3% vs. 16.1%), and induction of ovulation in letrozole + NAC group was considerably higher (P = 0.032). Furthermore, pregnancy rate was considerably higher in letrozole + NAC group (P = 0.045). Results are shown in Table 2 . Logistic regression analysis with backward conditional method on results obtained showed increased chance of pregnancy by 3.9 times using letrozole + NAC. In addition, patient's BMI had considerable impact on the chance of pregnancy in a way that increased BMI decreases the chance of pregnancy by 0.81 times, and according to the test, age and abdominal circumference had no significant impact on the chance of pregnancy [ Table 3 ].
Discussion
Infertility in women with polycystic ovary is a serious problem and several ways have been processed to succeed in their pregnancy. Letrozole has considerably increased the chance of pregnancy in these women, but success rate in this method is not certain and reaches to 20% in the best condition. On the other hand, there has been no research on the impact of adding NAC to letrozole, so this study uniquely explores the impact of letrozole alone and letrozole with NAC on pregnancy rate in infertile women with PCOS.
A total of 130 infertile women with polycystic ovary were evaluated in two groups of 65 patients receiving letrozole + placebo and letrozole + NAC, in which there was no significant difference in the age distribution, BMI, and abdominal circumference. Based on the results, patients receiving letrozole + NAC had bigger size follicle and better chance in pregnancy compared to those receiving letrozole alone. In a study by Holzer et al., it was suggested that letrozole is successful in ovulation and pregnancy induction with the rate of 70%-84% and 20%-27%, respectively [15] that is similar to our study with 20% pregnancy rate. In addition, other studies demonstrated that adding NAC to clomiphene increases the chance of pregnancy and induction of ovulation in infertile women with PCOS. For example, in a study conducted by Riyahinezhad et al. in 2015 , adding NAC to clomiphene has significantly increased the size of follicle (about 0.64 mm) and improved the pregnancy rate in PCOS women with infertility [16] comparing to our study, in which increasing the size of follicle was about 2 mm [ Figure 1 ]. Rizk et al. also found increased pregnancy rate in CC-resistant PCOS patients with CC plus NAC administration. [17] Our data support the results of their study, but based on our findings, NAC may be beneficial as an adjuvant to CC for the induction of ovulation in a more expanded range of PCOS patients and not just limited to CC-resistant PCOS women, though further investigation is required to demonstrate certain impact of NAC on pregnancy rate. It is noteworthy that there have been studies on NAC impact on metabolism and hormonal variation in women with polycystic ovary and positive effects have been observed. In a study by Fulghesu et al., NAC administration has reduced the insulin area under the curve after OGTT) Oral Glucose Tolerance Test) and increased the peripheral insulin sensitivity.
[12] A significant drop in testosterone level and free androgen index was also demonstrated with NAC treatment in PCOS patients in their study. [12] Kilicokman et al. had described NAC as an effective medication for reducing the serum insulin and testosterone levels and improving the homocysteine status as well as lipid profiles among PCOS patients. [13] In our previous study, we also observed a significant decrease in weight, BMI, waist/hip ratio, fasting blood sugar, serum insulin, total cholesterol, low-density lipoprotein levels, and homeostasis model assessment insulin resistance index after a 6-week treatment with NAC in PCOS patients. [18] High-density lipoprotein levels were also elevated significantly and NAC improved the lipid profile, hormonal levels, and ovulation status in women with PCOS in that study. [18] It has also been shown that treatment with NAC plus L-arginine for a long time may restore gonadal function in PCOS with improvement of insulin sensitivity. [19] Further studies are required to evaluate the beneficial effects of NAC on hormonal and metabolic profiles of PCOS patients in comparison with other insulin-sensitizing agents, such as metformin.
In addition to the NAC's effects on insulin-sensitizing and androgen-reducing, some other biological effects of NAC, such as inhibition of phospholipid metabolism, anti-apoptotic and antioxidant effects, pro-inflammatory cytokine release and protease activity, cause to Improve folliculogenesis in PCOS patients. [20, 21] However, there are also some unknown points about its effects on the ovulation and pregnancy.
Conclusion
Based on the results, NAC increases letrozole success rate in induction of ovulation in infertile women with PCOS and is recommended with letrozole considering the desired effect of NAC on estrogen, androgen, and lipid profile level in woman with PCOS. Further studies are required to approve decisive influence of NAC on drugs such as letrozole and clomiphene.
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